This paper aims at clarifying the process of formation and transformation of house types in San Francisco area, in the old quarter of Cadiz. Authors did intensive fieldwork in the year 2009 to investigate the current condition of extant buildings, compiling a database for 83 heritage properties registered as architectural heritage by the local authorities. Historical records and planning documents have been used to trace back the origins of these types and their transformation through a time span of 400 years based on the fieldwork on their current situation. As a result, these types can be understood with respect to their main elements pertaining building morphology.
House types in Cadiz have been previously studied by several authors 1),2),3),4),5)6) , focusing on stylistic features, but this paper discusses the current state of extant heritage residential buildings in terms of building morphology.
The objective of this paper is to classify the spatial formation of residential buildings according to variables related to building morphology and to clarify the formation and transformation process of building types.
1-2 Materials and methodology.
Fieldwork was conducted from January to November in 2009.
The outcome constituted the material for a database compiled in MS Access ®, and in PDF data reference sheets for each assessed property 7) . Planning documents from the municipality of Cadiz can be used including CAD, GIS files and statistical records to crosscheck surveyed data. Cadastral database is provided by the Spanish Ministry of Finance, with detailed description of the property division of buildings, as well as their uses 8) .
Process of transformation has been traced back by means of MAC (Municipal archives of Cadiz) 0 featuring a database of 4.935 original drawings of historic building plans ( Fig. 3 ) and urban areas 9) , and also digital archives, such as AGS 10) (Archivo General de Simancas) and ICC 11) (Institut Cartographic de Catalunya), which contains historical plans and views. Additional materials are helpful to make a reconstruction of the origin of house types. Historical records including data about property structure 12) and historical reviews analyses house types in Cadiz supply with complementary data for the present research 13 The location of 83 residential properties i surveyed is shown in The address, numbers of floors, the size and area of the plot, the area of building etc. of surveyed properties are summarized in Table 1 .
Classification of House Types.
The 83 surveyed buildings were classified according to the following categories ( fig. 4 ).
X-axis is divided according to the number of plot frontages, and subdivided in terms of number of spans in the main frontage; for plots with 2 fronts, only the spans of the main façade are considered for classification, that is, the number of entrances through where the building can be accessed, which is important for the spatial formation.
Y-axis is divided primarily into number of spans inwards, and subdivided according to number of patios (void spaces inside the plot), as they are important elements in building morphology.
Based on these categories in terms of X and Y-axes, buildings are classified into 3 main groups with their subdivisions.
The majority of buildings (58) have 3 spans in front, which would correspond to types B (1 frontage) and C (2 frontages).
These 3 types are summed up to 72 out of 83 properties surveyed, which account for a percentage of 86.7%.
Type A comprises 14 buildings with 1-frontage plot with 2 spans in front, and it is subdivided into two, A1 and A2; These two types have 2+ patios, A1: IV spans in the Y-axis (7 items), A2: V+ spans (7 items).
Type B with 3 spans in front is subdivided into subtypes B1, B2
and B3 according to the number of spans in depth, and patios.
Subtype B1, 3 spans in depth, includes properties with 1 patio (9 items), and two patios (4 items). Subtype B2, which has 4 spans in depth, has mainly properties with 2+ patios (12 items) at the expense of those ones with one patio (2 items). Subtype B3, plots with V+ spans in depth, only includes properties with 2 patios (5 items).
Globally, type C follows the same pattern as type B, but faces two frontages; subtype C1, plots with 3 spans in depth, includes properties with one patio (8 items) and 2+ patios (5 items); subtype C2, plots with 4 spans in depth, includes 1 patio (4 items) and 2+ patios (9 items).
Statistical analysis.
Following on the classification above, 3 types are analysed with respect to the following variables pertaining building morphology.
Numerical parameters are shown in Table 2 : Plot area (m 2 ), built area (m 2 ), plot occupancy (%), floor area ratio FAR (m 2 Fig. 2 Fieldwork area. Fig. 3 Historical plan. MAC p.745 812-934 Table 1 Fieldwork database resume.
─ 2856 ─ built/m 2 plot), number of floors.
Location and disposition of stairs and patios (Table 3) reveals that all types are produced in parallel, in a very well defined chronological context. That, also, gives a hint about the formation process, suggesting that instead of a chronological evolution of several types, a formal evolution of a given type or subtype is found in this case.
Relation between types, frontage and depth of plots ( Fig. 5 ).
Scattered data for the 83 surveyed properties shows three tendencies that bear close relation with types A, B and C.
In this figure, the total length of the frontage has been taken into account. Types A, B and C can be placed in definite ranges, with relation to frontage and plot depth. As types A and B have only one frontage, their data is more concentrated in the X axis; type C, with two frontages, present more scattered data.
A clear division between plots with one frontage and two frontages can be established in 20m, which correspond to the classical composition of 3 spans in the front, with a centred entrance and two spans at both sides. Leftwards, types A and B are to be found, and rightwards type C.
Type A features narrow frontages between 7 and 11 metres (only 2 spans), and very variable plot depths, between 15 and 45 m. Type B shows longer fronts between 11 and 20 m (3 spans) and more compact data regarding plot depth, between 11 and 20 m. Type C, for its part, is very flexible regarding its frontage, with data varying between 20 and 60m; plot depth is found to be similar to type B.
Considerations on interrelations between house typesformation and transformation of house types.
According to the data analysis, the following points are concluded in terms of building morphology (Fig. 6) .
As for the relationship between date of building and house type, we cannot find any significant relation. Basic spatial arrangements of all types are based on almost the same spatial structure, which consists of entrance, central patio with attached stairs. As previous authors' thesis 2)1) say, this spatial system is traced back to the origin, that is, the date of foundation of Cadiz . It is documented that plots in the 16 th C would be around 15x17 varas (around 200 m 2 ). Based on this document, it can be supposed that subtypes B1 and C1 have existed from the foundation and are the original layout, for 1 front house type and 2 front house types respectively. We cannot point out chronological evolution as for house plan;
instead, it can be said that the very formal plan, a well-established and standardised model of house plan, had been adopted in the beginning of its foundation. It can be supposed that the original standard plan had been transformed in the process of adaptation to the plot conditions during these 200 years (Fig. 6 ).
1.) Adapting the original type to the plots with various sizes, by increasing plot depth ( Fig. 6 (1) ) and reducing plot frontage ( Fig. 6 (2) ). aligned entrance-patio and sided stairs. We can find these two sub-subtypes spatial system in all types and subtypes.
3.) Adding auxiliary patios in a variety of positions (*). No clear organization can be devised for them. During 200 years, all types developed a common pattern regarding their formation: A system for obtaining the maximum profit from scarce land. For any given plot, the original type (C1 and B1) expands or contracts its structural grid to adapt to any shape. Then, this grid is extruded vertically to reach a maximum building density (4 floors, occupancy 90%, FAR 4) and the ensemble entrance-stairs-patio accommodate in this frame, with a fixed layout. This foretells that all types adopt a standardised spatial arrangement in terms of building morphology.
As Table 1 (the rightest column) shows, many families (maximum 18 families) live in one house building at present although 4 houses are unoccupied, which shows the courtyard types has flexibility to accept various families and family types.
